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"PROCESS FOR MANUFACTURING A TYRE AND TOROIDAL SUPPORT 
FOR CARRYING OUT SAID PROCESS" 

The present • invention- relates- -to a process for 
5 manufacturing a tyre. In particular, ' the present 
invention relates to a process for manufacturing a tyre 
comprising the steps of producing and „ assembling the 
tyre structural elements on a toroidal support and the 
st^p of precuring at least an inner surface of a green 
10 tyre by heating the toroidal support. 

Furthermore^ the present invention relates to a 
toroidal ' support to be used in a • process for 
manufacturing a tyre. 

In the present description, the term green tyre'' 
15 is used to indicate the product which is obtained upon • 
assembling tyre structural elements which include an 
elastomeric material in an uncured state. 

* 

Moreoveri- in the present description, the teinn 
'"^inner surface'' oi the tyre is used to Indicate the 
20 innermost surface of the tyre which, when the tyre is 
cured and operatively mounted . on a wheel rim, comes 
into contact with the inflating fluid of the tyre. 

The tyre laanuf acturing process according to the 
present invention comprises the step of manufacturing a 
25 green tyre by consecutively producing and assembling 
together on a' toroidal support the tyre structural 
elements- Such . a manufacturing process is described, 

m 

for instance,* in the European Patent EP-928,680 - in 

« 

the name of the same Applicant - according to which the 
30 toroidal support is moved, preferably by a robotized 
system, between a plurality of work stations in each of 
which, through automated sequences, a particular 
building step of .the tyre is carried out. 
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The manufacturing process further comprises the 
step of moulding the grqen tyre, so as to confer to the 
latter a desired geometrical conformation, and the step 
of curing the green tyre,- so as to consolidate it. The 
5 step of moulding further confers to the green tyre a 
desired tread pattern. 

The moulding and curing steps of the green tyre 
are carried out by introducing the latter inta a 
moulding cavity defined within a vulcanization mould, 
10 whose inner shape matches the shape of the outer 
surface of the tyre to be obtained, and by introducing 
a pressurized fluid into a diffusion interspace (or 
diffusion gap) obtained between the inner surface of 
the green tyre and the outer surface of the toroidal 

■ 

15 support. 

Such a tyre manufacturing process is described, 
for instance, in the European Patent EP-976,533 in the 
name of the same Applicant, according to which, during 
the pressing of the raw elastomer material against the 
20 inner walls of the moulding cavity, a radial expansion 
is imposed to the tyre by effect of the introduction 
into the diffusion gap of a pressurized fluid. The 
.introduction of the pressurized fluid is preferably 
carried out by. means of feeding channels (or ducts) 
25 formed in the toroidal support and terminating at the 
outer surface' of the latter. During the fluid 
introduction, the tyre is sealingly engaged at .its 
• circumferential inner edges between the inner walls of 
the moulding cavity and the outer surface of the 
30 .toroidal support, so' as to delimit the diffusion gap at 
the circumferential, inner ^ edges of the tyre itself. 
Advantageously, the heat amount which is necessary for 
curing the green tyre is provided to the. latter through 
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the walls of the moulding cavity and by means of a 
heating fluid- which is introduced into the diffusion 
gap. Preferably, the heating fluid is the pressurized 
fluid used fo^ carrying out the pressing step or is . at • 
5 least part of said pressurized fluid. 

Therefore/ in accordance with this process, the 
manufacturing of a tyre is carried out in the absence 
of a vulcanization bladder which is commonly employed 
in conventional tyre manufacturing processes. The 

« 

10 bladder is generally made of rubber and is inflated 
with a high-pressure heated fluid, e.g. steam, and 
inserted into the green tyre, enclosed in the moulding 
cavity, in order to press the tyre against the inner 
walls of the moulding cavity and to provide the tyre 
15 with the Kiesired stable geometric conformation as a 
result of the cross-linking process to which the 
elastomer material forming the tyre is submitted. 

However, in processes without a vulcanization 
bladder as described above, the pressurized fluid 
20 directly comes into contact with the inner surface of 
the green tyre, fact which may cause a plurality of 
inconveniences due to possible permeation of the fluid 
into the tyre structure not yet vulcanized. For 
instance, separations between adjacent elastomeric 
25 layers or strip-like elements, or between the 
elastomeric material and the metallic or textile 
reinforcing structures may occur, or even corrosion 
phenomena in the metallic reinforcing materials may be 
promoted. 

30 In 'order to prevent possible permeation of the 

pressurized fluid into the green tyre, document EP- 
976,534 - in the name of the same Applicant - describes 
a tyre manufacturing process comprising the step of 
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associating at least one layer of precured . elastomeric 
material with the inner surface of the green tyre. Said 
precured layer is suitable for obtaining a sufficient 

. . mechanical -strength to diffusion- and penetration of the 
5 pressurized fluid and, at the same time,, a high fatigue 
strength, in particular during the moulding step of the 
tyre in order to avoid formation of fissures and 
cracks. Therefore, according to said document, the tyre 
manufacturing process comprises the step of forming at 

10 least one layer of raw elastomeric material on the 
outer surface of the toroidal support so that the 
successive manufacturing of the green tyre is carried 
out on the toroidal support carrying said layer of raw 
elastomeric. material. Furthermore, the ' tyre 

15 manufacturing process comprises the step of precuring 
said layer before introducing the green tyre into the 
vulcanization mould, said precuring step being carried 
out by supplying heat to said layer through the 
toroidal support. 

20 Preferably, the heating of the toroidal support is 

achieved thanks to the fact that the toroidal support 
comes from, a previous vulcanization cycle or by means 
of infrared rays or equivalent means, such as electric 
resistors. 

25 For example, document EP-1,075,929 discloses a 

process for manufacturing a . tyre according to which a 
rigid toroidal support is used, the latter consisting 
of a plurality of sectors. According to said document,, 
a portion of each sector is moulded in a thermally 

30 conductive material (e.g., an aluminum alloy) and 
incorporates an- electrical resistance for providing 
heat to the green tyre during the curing step. 
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A further example is described in dpciament JP 11- 

320,567 according to which each sector of a toroidal 

support is contacted, in correspondence of the inner 

' surface thereof,- with a circular • segment provided with 

5 resistor heaters so that a heat amount is supplied to 

the outer, surface o£ the toroidal support from the 

inner surface thereof for curing a green tyre. 

The Applicant has observed that the step of 

precuring a layer of raw elastomeric material, commonly 

10 referred to as ^^liner'', i.e. the elastomeric layer 

which is suitable for ensuring the retention of the 

tyre inflating fluid, is particularly advantageous also 

during the conformation of the tyre since the precured 

liner is provided with high and uniform mechanical 

15 resistance. 

This is particularly evident in the case the liner 

is obtained by winding an elastomeric strip on the 

outer surface of a toroidal support, as described, for 

instance, in the European Patent EP- 92 8,. 680 mentioned 

20 above. In- that .case, in fact, since the pressurized 

fluid exiting from the feeding channels provided within 

the toroidal support does not uniformly impact onto the 

liner surface, the fluid may cause dishomogeneities on 

the inner surface of the tyre and eyen a disuniform 

25 conformation of the tyre. 

Moreover, the Applicant has observed that the tyre 

structural elements of elastomer material still in an 

uncured state, i.e. in a plastic state, when coming 

* • 
into contact with the pressurized fluid,- may .take an 

30 anomalous arrangement with respect to the design 

specifications. 

In particular/ the Applicant has noted that, 

especially at the very beginning of the moulding step. 
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the carcass piy or plies may remarkably move from their 
expected positions in the bead regions due to the 
expansion to which the tyre is siibmitted by the 
pressurized fluid- - Consequently , tensioning of the 
5 carcass ply or plies in the finished tyre - said 
tensioning being mainly determined by the moulding step 
- is .inevitably lower than expected - 

Furthermore, the Applicant has noticed that^ 
especially in the early stages of the moulding step, 
10 the vulcanization pressure may give rise to phenomena 
of lack or accumulation of elastomeric material, in 
particular in the tyre bead regions. As a consequence 
of said phenomena/ disunif ormities and defects may 
occur in the tyre thereby causing the latter to be 

15 discarded. 

To solve the above problems, the Applicant has 
perceived that it is necessary to* improve the heat 
exchange from the toroidal support to the inner surf a-ce 
of the green tyre, so as to reduce the time required 

20 for the outer surface of the toroidal support to reach 

* 

a temperature which is suitable for ensuring a uniform 
and homogeneous precuring of at least the liner, 
preferably of the liner and of the tyre bead regions. 

The Applicant has found that it is possible to 
25 • increase the heat exchange between the toroidal support 
and the inner surface of the green tyre by providing at 
least a portion of the' radially inner surface of the^ 
toroidal support with a plurality of protruding 
elements. 

30 In . particular, the Applicant has found that, by 

providing the radially inner surfa-ce of the toroidal 
support with a plurality of protruding elements, the 
heat exchange can be advantageously improved since said 
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protruding elements contribute in remarkably increasing 
the toroidal surface which is suitable for performing 
the heating of the green tyre. 

-In accordance with the present -invention, the- 
5 protruding elements allow the outer surface of the 
toroidal support to quickly reach a predetermined 
working temperature which is suitable for ensuring that*"* 
the precuring step can be correctly performed and the. 
drawbacks mentioned above do not arise. 

10 Furthermore, the Applicant has found that, by 

providing the radially inner surface of the toroidal . 
support with the protruding elements mentioned above, 
the precuring time can be advantageously reduced. As a 
consequence, the tyre vulcanization time as well as the 

15 energy which is necessary for heating the toroidal 
support are advantageously reduced - 

Moreover, the plurality of protruding elements 
mentioned above contributes in remarkably decreasing 
the time which is necessary for cooling the toroidal 

20 support at the end of the vulcanization process since 
said protruding elements improve the heat exchange 
between the hot toroidal support and the ejivironment 
surrounding the latter. In fact, it has to be noted 
that, at the end of the vulcanization process, the 

25 temperature of the toroidal support is of about 140 - 
150 °C and it is necessary that said temperature 
decreases to about 40 - 60 °C before starting' the 
manufacturing of a new raw tyre by deposition of the 
liner - 

30 In a first aspect the present invention relates to 

a process for manufacturing a tyre comprising the steps 
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• providing an elastomeric layer on an outer 
surface of a toroidal support, said surface 
having a shape substantially matching a shape of 

• " • ' -'an inner 'surface of said tyre; • 
5 • manufacturing a green tyre by assembling the 

structural elements thereof on the toroidal 
support provided with the elastomeric layer; 

• introducing the green tyre supported on the 
toroidal support into a moulding cavity whose 

10 .inner walls have a shape substantially matching 

a shape of an outer surface of the tyre; 

• at least partially precuring the elastomeric 
layer by heating the toroidal support; 

• introducing a primary working fluid into at 
15 least one diffusion gap defined between the 

inner surface of the green tyre and the toroidal 
support in order to press the outer surface of 
the green tyre against the inner walls of the 
moulding cavity, and 

20 • curing the green tyre, 

wherein at least a portion of the radially inner 
surface of the toroidal support is provided with a 
plurality of protruding elements . 

In accordance with the present invention, the 
25 p-rotruding elements jut from the radially inner surface 
of the toroidal support. In more details, the 
protruding elements protrude inwardly from the toroidal 
support. 

Preferably, the protruding elements are elongated 

30 ribs- 

Alternatively, the protruding elements may define 
a honeycomb structure. 
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Preferably, the protruding elements are obtained 
in the thickness of the toroidal support. 

Alternatively, the protruding elements are 

produced- ' separately ■ from the toroidal • s-upport • . and - - • 

5 successively coupled to the radially inner surface 
thereof. Preferably, * the coupling of the protruding 
elements to the toroidal support is performed by 
welding . 

According to a first embodiment, the heating of 
10 the toroidal support is carried out as soon as the 
elastomeric layer is completed on the outer, surface of 
the toroidal support. 

According to a further embodiment, the heating of 
the toroidal support is carried out at the end of the 
15 step of manufacturing the green tyre on the toroidal 
support. Afccording to said embodiment, the tyre 
manufacturing process comprises the step of producing 
the green tyre by assembling together the tyre 

m 

structural elements and subsequently precuring at least 
20 the inner surface of the tyre, preferably the inner 
surface of the tyre .and the fcead regions, before 
introducing the green tyre into the moulding cavity 
where the moulding and curing steps are performed. 

Furthermore, in accordance with the present 
25 invention, the Applicant has found that the thickness - 
in the radial direction - of the toroidal support can 
be advantageously reduced, with respect to .the 
thickness of traditional toroidal supports, in order to 
increase the heat exchange between the toroidal support 
30 and the inner surface of the green tyre, the thicJcness 
reduction contributing in decreasing the thermal 
inertia of the toroidal support. 

In particular, the Applicant has found that the 
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thickness of the portion of the toroidal support 
corresponding to the crown portion of the tyre can be 
advantageously reduced . 

. Moreover, the thickness of the toroidai- support is 
5 further advantageously reduced where it is provided 
with the protruding elements of the present invention. 

In a further aspect the present invention relates 
to a toroidal support for manufacturing a green tyre 
thereupon, the . support comprising a plurality of 
10 circumferential sectors defining the outer surface of 
the toroidal support, said- outer surface having a shape 
which substantially matches the shape of the inner 
surface of the green tyre, wherein at least a portion 

■ 

of the radially inner surface of the toroidal support 
15 is provided with a plurality of protruding elements • 

According to an embodiment of the present 

invention, the lateral inner surfaces of the toroidal 

support are concave, the concavity of said surfaces 

being directed inwardly of the toroidal support. In 
20 particular, the. lateral inner surfaces of the toroidal 

support are substantially parallel to the radially 

outer profile of the toroidal support. 

According to said embodiment, the Applicant has 

found that also the thickness of the toroidal support 
25 portion corresponding to. the tyre sidewalls can be 

reduced and the heat exchange from the toroidal support 

to the green tyre can be advantageously improved. 

According to a further embodiment of the present 

invention, the lateral inner surfaces of the toroi<lal 
30 support are substantially parallel to the equatorial 

plane of the toroidal support. 

The Applicant has found that said further 

embodiment allows the water - possibly formed by 
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condensation of the steam flow introduced into the 
• toroidal support - to be easily eliminated so as to 
avoid water accumulation into the toroi-dal support, 

• - said water- negatively --arffecting the heat- exchange- -from 

5 the toroidal support to the inner surface of the green 
tyre. 

The description will be set out hereinafter with 
reference to the accompanying drawings, given by way of 
non-limiting examples, in which: 
10 - Fig. 1 is a perspective view of a portion of a 

sector of a toroidal support in accordance with a 
preferred embodiment of the present invention; 

- Fig. 2 is a. perspective view of a portion of a 
sector of a toroidal support in accordance with a 

15 further embodiment of the present invention; 

- Fig. 3 is a vertical view partly in section of 
an apparatus carrying out a step of a . tyre 
manufacturing process according to the present 
invention; 

20 - Fig. 4 is a vertical view partly in section of 

the apparatus of Fig. 3 during a furthei: step . of said 
tyre manufacturing process, and 

- Figs . 5 and 6 show the graphics of the 
temperature as a function of time with reference to 

25 three different toroidal supports. 

A tyre generally comprises a toroidally shaped 
carcass including one or more carcass plies, 
strengthened with reinforcing cords lying in radial 
planes, i.e. in planes containing the rotation axis of 
30 the tyre. Each carcaas ply has its ends integrally 
associated with at least one annular reinforcing metal 
structure, usually known as bead core. 

Placed crovnwise to the carcas-s structure, the 
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tyre generally comprises a tread band of elastomer 
material into which^ at the end of the moulding and 
curing steps ^ a raised tread pattern is foimed for the 

• tyr-e ground contact. - .. .. 

5 Furthermore, the tyre comprises a reinforcing 

structure, usually known as belt structure, which is 
placed between the carcass structure and the tread 
band. The belt structure usually comprises at least two 
radially superposed strips of rubberised fabric 

10 provided with reinforcing cords, usually .of metal 
material, disposed parallel to each other in each strip 
and in crossed relationship with the cords of the 
adjacent strip, preferably symmetrically disposed with 
respect to the equatorial plane of the tyre. 

15 Preferably, said belt structure further comprises, 

at a radially external position thereof, a further 
layer of textile or metallic cords substantially 
circumf erentially disposed. 

Finally, in .tyres of the tubeless type, i.e. ■ 

20 devoid of an air tube, a radially inner elastoraeric 
layer, . i.e. the liner, is present which has 
imperviousness features to ensure the tyre air- 
tightness. 

Fig. 1 shows a schematic perspective view of a 
25 portion of one sector 200 of a toroidal support in 
accordance with a preferred embodiment of the present 
invention. 

Generally, a toroidal support of the collapsible 
or dismountable type is provided with a plurality of 
30 circumferential sectors which are circumf erentially 
distributed around a common geometric axis • - which 
coincides with the rotation axis of the tyre when the 
latter is supported on the toroidal support - so as to 
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define a continuous outer - surface substantially 
reproducing the radially inner surface of a tyre. In a 
toroidal support of the collapsible or dismountable 
type the sectors can be individually retracted in- a - 
5 radial direction, towards said geometric axis, for 
disengagement from the tyre at the end of the moulding 
and curing steps of the tyre manufacturing process . 
Such a dismountable toroidal support is described, for 
instance, in document WO 01/62481 in the name of the 

10 same Applicant. 

With reference to Fig. 1, sector 200 is delimited 
in the circumferential direction between two 
circumferential sides 201, 202 (in Fig. 1 only 
circumferential side 201 is shown) . 

15 In a transverse cross-section - i.e. in a section 

obtained by intersecting the toroidal support with a 
plane perpendicular to the equatorial plane of the 
toroidal support - each sector 200 has a sxabstantially 
U-shaped profile, the crown portion of which 

20 corresponding to the crown portion of the tyre - is 
delimited between an* outer side 203 and an inner side 
204. 

The • outer side 203 - which is part of the 
circumferential side 201 or 202 - defines the crown 
25 portion of the radially outer profile of the sector 200 
and cooperates,, together with the other sectors, in 
defining the outer surface of the toroidal support. 

The inner side 204, substantially facing the 
geometric axis of the toroidal support, , is 
30 substantially parallel to the outer side 203. 

The design of the individual sectors 200 gives to 
the toroidal support - taken as a whole - an inner 
hollow structure which is open towards the geometric 
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axis SO that a flow of steam or another operating fluid 
reaches the inner side 204 of each sector 200 and a 
suitable heat amount is transferred to the tyre through 

the -thickness -of the main- body of the- sector. - 

5 The mutual positioning of the sectors 200 is 

obtained by providing engagement devices which 
comprise, for each sector, at least one attachment 

m 

plate 205 radially projecting from the inner side 204 
of the sector, preferably in a plane substantially 

10 parallel to the equatorial plane of the toroidal 
support. Each attachment plate 205 is preferably 
provided with one or more through slots 206 - which are 
close to the inner side 204 of th-e sector - in order 
not to hinder the flowing of the operating fluid during 

15 vulcanization. The attachment plates 205 are engaged - 
by means of flanges (not shown) - to at least one 
attachment member (not shown) which is preferably made 
in the form of a shank, coaxial with the geometric 
axis, and to which each sector is associated to form 

20 the toroidal support. 

According to the present invention, each sector 
200 of the toroidal support is provided with a 
plurality of protruding elements 207 which are 
distributed on at least a portion of the radially inner 

25 surface of the sector- 
In the embodiment of Fig. 1, the protruding 
elements 207 are in the form of elongated ribs. 

According to the embodiment shown in Fig. 1, the 
elongated ribs 207 are distributed on the whole 

30 radially inner surface of each sector 200. In more 
details, the elongated ribs 207 are distributed on the 
radially inner surface of the sector which corresponds 
to and delimits the crown portion of the tyre, as well 
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as on the radially inner lateral surfaces of the sector 

« 

which correspond to and delimit the tyre sidewalls. 

Alternatively, the elongated ribs 207 are 
-distributed only on the radially inner surface of the - - 
5 sector which corresponds to and delimits the crown 
portion of the tyre, as shown in Fig. 2 where " reference 
is made to sector 300 in accordance with a further 
embodiment of the present . invention. 

Alternatively, the elongated ribs 207 are 
10 distributed only on the radially inner lateral surfaces 
of the sector which correspond to and delimit the tyre 
sidewalls (said further embodiment being not shown) . 

According to the embodiment of Fig. 1, the 
elongated ribs 207 are also distributed on the outer 
15 surfaces of the attachment plates 205, said outer 
surfaces facing the inner hollow structure of the 
toroidal support . 

Preferably, the elongated ribs 207 are disposed 
parallel to each other. 
20 Preferably, the elongated ribs 207 are disposed 

parallel to each other in each portion, of the radially 
inner surface of the sector. 

Preferably, the pitch - i.e. the distance 
between two successive elongated ribs is substantially 
25 constant along the development thereof. 

Preferably, the* elongated ribs 207, that are 
distributed on the radially inner surface of th^ sector 
corresponding to the crown portion of the tyre, lie in 
a plane substantially perpendicular to the equatorial 
30 plane of the toroidal support. , Moreover, preferably 
said elongated ribs 207 extend in a direction 
substantially perpendicular to a oircumferential 
direction. 
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Alternatively, the elongated ribs - that 
distributed on the radially inner surface of the sector 
- extend in a direction substantially parallel to a 

- — circumferential direction. • 

5 Preferably, the elongated ribs 207, that are 

distributed on the inner lateral surfaces of the sector 
corresponding to the tyre sidewalls, lie in a plane 
substantially parallel to the equatorial plane of the 
toroidal support- This embodiment is particularly 

10 preferred since it ensures that the heat exchange is 
uniformly distributed over the whole external surface 
of the toroidal support 

Alternatively, according to the embodiment shown 
in Fig. 1, the elongated ribs 207, that are distributed 

15 on the inner lateral surfaces of the sector 
corresponding to the tyre sidewalls, lie in a plane t-t 
which is inclined of an angle oc with respect to a plane 
parallel to the equatorial plane of the toroidal 
support. Preferably, the angle a is substantially 

20 constant along the development of the rib on the inner 
lateral surfaces of the sector. Preferably, the angle a 
ranges from 0° to 45°. 

Alternatively, the angle <x varies along the 
development of the rib on the inner lateral surfaces of 

25 . the sector, the value of said angle increasing in 
moving away from the equatorial plane of the toroi-dal 
support. 

The inclination of the elongated' ribs 207, and 
thus the formation of the angle a, is essentially <lue 
30 to the fact that said elongated ribs are preferably 
obtained by milling the radially inner surface of the 
sector. The use of a milling machine, to be operated 
within the hollow cavity of the toroidal support in 
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order to obtain the elongated ribs in the thicknes-s of 
the toroidal support, requires the elongated ribs to be 
made inclined. 

. • • Preferably, the elongated ribs- are - substantially - 

5 continuous along the radially inner surface of the 
sector, as shown in Figs. 1 and 2. 

Alternatively, the elongated ribs present at least 
one interruption along their longitudinal development 
(said further embodiment being not shown in the 
10 figures) . 

Preferably, the external profile of the protruding 
elements (i.e. of elongated ribs 207 in accordance with 
the embodiments shown in Figs. 1 and 2), in a cross- 
section transversal to the longitudinal development 

15 thereof, is substantially rectangular in shape. 
Preferably, the height of said elongated ribs is from 
about 30% to about 50% of the sector thickness at the 
crown portion. Preferably, the width of said elongated 
ribs is comprised between 2 mm and 5 ram. 

20 Alternatively, the external profile of the 

elongated ribs 207, in a cross-section transversal to 
the longitudinal development thereof, is substantially 
trapezoidal in shape, this shape contributing in 
improving the sector surface which is suitable for the 

25 heat exchange. 

Alternatively, the external profile of the 
elongated ribs 2 07, in a cross-section transversal to 
the longitudinal developmerit thereof, is substantially 
triangular in shape. 

30 According to the embodiment shown in Fig. 1, the 

lateral inner surfaces 208, 209 of the toroidal support 
are substantially parallel to the equatorial plane of 
the toroidal support . 
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According to the further embodiment shown in Fig. 
2, the lateral inner surfaces 301, 302 of the toroidal 
support have a concave profile, the concavity being 
directed inwardly of the toroidal • support-- Preferably/ 
5 the lateral inner surfaces 301, 302 of the toroi<ial 
support are substantially parallel to the radially 
outer prof ile' 201 of the "toroidal support. 

The manufacturing process according to the present 
invention comprises the step of manufacturing a green 
10 tyre by consecutively assembling together on a. toroidal 
support the tyre structural elements (as disclosed, for 
instance, in the European Patent EP-928,680 mentioned 
above) . 

According to said process, a. plurality of through 
15 holes (not shown in the figures) are usually 
manufactured through the toroidal support thickness to 
form feeding channels (or ducts) which enable the 
pressurized primary working fluid to reach the 
diffusion gap - that is obtained between the outer 
20 surface of the toroidal support and the inner surface 
of the tyre - during the vulcanization process. 
Generally, said through holes have a diameter ranging 
from 1 mm to 3 mm. 

The Applicant has also provided for a further tyre 
25 manufacturing process according to which the step of 

m 

precuring the inner- surface of the green tyre and the 
bead regions thereof is obtained by simultaneously 
pressing the green tyre from the outside to the inside 
and by supplying heat to the inner surface of the tyre. 
30 According to said further process the moulding and 
. curing steps can be performed without causing 
inhomogeneities and irregularities in the finished tyre 
since the working fluid during the moulding and curing 
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steps is in direct contact with parts of . the tyre that 
have already been partly vulcanised and therefore no 
longer exhibit a plastic behaviour of the material but 
-an almost elastic- one. . In - this case it can be obfeained- 
5 a uniform distribution against the inner walls of the 
mould of the elastomer material belonging to the 
outermost structural elements of the tyre. 

In addition, said further tyre manufacturing 
process allows that tensioning . of the carcass ply or 

10 plies, due to the vulcanisation pressure, does not 
cause the carcass ply or plies to move at the tyre bea-d 
regions since the carcass ply or plies have already 
become substantially integral with the elastomer 
materials present in these regions thanks to a partial 

15 vulcanisation of the same. 

In more details, said further tyre manufacturing 
process comprises the steps of: building a .green tyre 
on a toroidal support having an outer surface whose 
shape substantially matches that of the inner surface 

20 of the green tyre; heating the toroidal support to 
transmit heat to the inner surface of the tyre in 
contact with the toroidal support; pressing the inner 
surface of the green tyre against the outer surface of 
the toroidal support through at least one secondary 

25 pressurized working fluid; pressing an outer surf ace of 
the green tyre against the inner walls of a 
vulcanisation mould defining a moulding cavity, said 
pressing step being performed through a primary 
pressurized working fluid passing in at least one 

30 diffusion gap between the outer surface of the toroidal 
support and the inner surface of the green tyre, the 
primary working fluid being heated so as to supply heat 
to the green tyre to cause vulcanisation thereof. 



■ 
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With reference to said manufacturing process^ the 
Applicant has noticed that a criticity may arise in 
correspondence of the tyre buttress areas, i.e. the 
areas where- the axially opposite edges of the -tread 
5 band are joined to the respective sidewalls of the 
tyre . 

In more details, the Applicant has noticed that, 
when the tyre is positioned inside of the moulding 
cavity - the mould . defining the cavity being always in 

10 a heated state - and the step of precuring is carried 
out as disclosed above, in correspondence of the tyre 
buttress areas at least a portion of the tread band 
comes into contact with the heated mould and begins to 
be moulded and cured. 

15 Furthermore, the Applicant has noticed that a 

further portion of the tread band which is axially 
adjacent to the tread band portion that comes into 
contact with the heated mould begins to be cured too 
due to its proximity to the heated mould. 

20 Therefore, part of the tyre tread band begins to 

be moulded and cured when the step of pressing the 
outer surface of the green tyre against the inner walls 
of the vulcanisation mould has not started yet, i.e. 
when the tyre is not completely toroidally shaped. 

25 As. a consequence, when the tyre is toroidally 

conformed by the primary working fluid and the moulding 
and curing steps take place, the presence of tread band 
portions which have already been partially moul<ied and 
cured may cause the formation of , bubbles within the 

30 elastomeric material. In particular, the air possibly 
present within the tread band - especially among the 
elastomeric strips the tread band is formed of - 
remains entrapped by the cured portions and thus 
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bubbles and/or other defects (such as detachments of 
said strips) may occur and cause the tyre to be 
discarded. 

- - -With reference -to said -further- manufacturing ♦ 
5 -process disclosed above, in order to avoid a prematura 
moulding and curing of portions of the tread band, the 
Applicant has firstly thought to reduce the precuring 
time so as to lower the residence time of the green 
tyre within the moulding cavity before the moulding and 

10 curing steps are carried out. 

However, the Applicant experienced that the 
precuring time could not be lowered below a certain, 
value. In fact, the Applicant has noted that, if the 
precuring time is set to be tod low, defects in the 

15 tyre liner arise which are principally due to an 
insufficient precuring thereof. In particular, the 
Applicant has noted that, in case the elastomer ic 
material of the liner is not precured to a sufficient 
degree, the latter may adhere to the toroidal support 

20 and, when the primary working fluid is introduced to 
cause the radial expansion of the tyre, the formation 
of undesired wrinkles in the "liner may occur. 

Furthermore, the Applicant experienced that, in 
case the precuring time is remarkably reduced, the 

25 precuring of the tyre, bead regions does not occur or is 
insufficient and the carcass plies may move in the bead 
regions .when the moulding and curing .steps are 
performed. 

The * Applicant perceived that the drawbacks 
30 mentioned above can be advantageously avoided and a 
sufficient precuring of the liner and of the bead • 
regions can be performed by improving the heat exchan-ge 
between the toroidal support and the inner surfece of 



wo 2005/053942 



22 



PCT/EP2003/013395 



the green tyre in accordance with the present 
invention. 

According to * said further tyre manufacturing 

• - process described above / the toroidal support • is 

5 provided with a plurality of ducts opening onto the 
outer surface thereof, said ducts being suitable for 
introducing the primary working fluid into the 
diffusion gap. The ducts are conveniently sized and 
distributed on the. circumferential extension of the 
10 toroidal support so that introduction of the crude 
elastomeric material of the liner into said toroidal 
support - through said ducts - is prevented. Usually, 
the ducts are through holes obtained in the radial 
thickness of the toroidal support, as described, e.g., 
15 in EP-976,533. 

Alternatively, the toroidal support is devoid of 
said ducts and the primary working fluid is allowed to 
pass - from the interior of the toroidal support to the 
diffusion gap mentioned above - only through the 
20 passages present between two adjacent sectors. 

Alternatively, in order to facilitate the passage 
of the primary working fluid, the circumferential sides 
201, 202 of the sectors are provided with notches (not 
shown in the figures) that extend radially along the 

* 

25 whole thickness of the sector. 

Preferably, only one circumferential side of each 
sector is provided with said notches. 

Preferably, said notches are in the number of two 
for each sector.- 
30 Preferably, said notches are symmetrically located 

with respect to the equatorial plane of the toroidal 
support . 

Preferably, said notches have a width - in the 
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axial direction - of about 20 mm and an extension in 
the .circumferential direction of about 0.1 mm. 

The Applicant has found that the presence of said 

- - ■ not-ches- • is - very useful -also- at the - end - of the - ourin^ — 
5 step when the toroidal support has to be dismounted. In 
fact, in the absence of said notches, the Applicant has 
noted that an amount of working fluid remains trapped 
in the diffusion gap and can not exit from the passa-ges 
defined between two adjacent sectors. This is 

10 particularly undesirable since the trapped working 
fluid may cause a sealing effect among the sectors 
which may hinder the dismounting of the toroidal 
support and even cause the breaking of the sectors 
thereof. 

15 Fig. 3 shows a moulding and curing apparatus for 

vehicle wheel tyres according to the present invention, 
said apparatus being generally identified by reference 
number 101. 

Apparatus 101 comprises a vulcanisation mould 102 
20 operatively associated with an airtight container 103. 

Preferably, the mould 102 can be made up of a 
lower half 102A and an upper half 102B, in engagement 
with a base 103A and a closing portion 103B of 
container 103, respectively. 
25 In the embodiment of Fig. 3, each of the lower 

102A and upper 102B halves of mould 102 has a cheek, a 
lower cheek 130A and an upper cheek 130B respectively, 
and- a crown of sectors consisting of a' lower sector 
131A and an upper sector 131B, respectively. 
30 The lower 102A and upper 102B halves are mutually 

movable between an open position, at which they are 
spaced apart from each other (as shown in Fig.. 3), and 
a closed position, at which they are close to each 
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Other to form a moulding cavity 104 (as. shown in Fig. 

4). The inner walls of the moulding cavity - 104 - 

defined by said cheeks and said sectors - reproduce the 
— geome-tdrie- -eonf igu:^ation- of - the outer surface of- -a-^yoee 
5 to be obtained at the end of the moulding and curing 

steps - 

In more details, the cheeks are designed to form 
the outer surfaces of the opposite tyre sidewalls, 
whereas the sectors are designed to form the tyre tread 
10 band, by creating therein a series of cuts and 
longitudinal and/or transverse grooves suita-bly 
disposed in accordance with a desired tread pattern. 

Apparatus 101 further comprises a toroidal support 
10 of metal or other rigid material, having an outer 
15 surface substantially reproducing the shape of the 
inner surface of the tyre, the toroidal support 10 
being of the type shown in Fig. 1 or in Fig. 2 in 
accordance with the present invention. 

Apparatus 101 further comprises at least one duct 
20 110 (shown in Fig. 4) for the introduction of a primary 
working fluid which may comprise steam, nitrogen, air 
or other gases substantially inert at the working 
conditions, or mixtures thereof. Preferably, the 
primary working fluid is a mixture of steam and 
25 nitrogen. . 

The apparatus 101 is also provided with heating 
devices for heating the mould 102. Preferably said 
heating, devices consist of a plurality of ducts 105 
suitable for the flowing of a heating fluid- 
30 Preferably, apparatus 101 also comprises an 

airtight device adapted to contain the toroidal 
support 10 on which a green tyre 50 has been previously 
manufactured. 
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As shown in Figs. 3 and 4, in a preferred 
embodiment said airtight device can be enclosed and 
integrated into said mould *102, defining an airtight 
cavity within- the same. Pref erab^ly • in this case- the- • 
5 mould 102 comprises a plurality of seals 10-6 disposed 
close to vents for escape of the primary working fluid 
employed for vulcanisation of said tyre, and at least 
one circumferential seal 107 placed on the opposite 
surfaces of the two halves 102A and 102B. 
10 Said circumferential seal 107 may consist of an 

O-ring or preferably of a series of superposed metal 
rings provided between their opposite surfaces, with a 
sealing element capable of withstanding the pressures 
and temperatures of the method described in the 
15 following. 

According to this embodiment, a feeding device for 
a secondary working fluid is operatively associated 
with the mould 102. Said device comprises at least one 
delivery duct 108 and one discharge duct 109 to 
20 respectively feed into and evacuate from the mould 102 
the secondary pressurized working fluid. Sai-d secondary 
working fluid, which presses the inner surface of the 
green tyre 50 from the outside to the inside against 
the outer surface of the toroidal support 10, can be 
25 air, nitrogen or a further substantially inert gas. 

Duct 110 is operatively associated with at least 
one passage device, for example through a connecting 
duct (not shown) , formed along at least one of the 
centering shanks of said toroidal support 10, to enable 
30 diffusion of said primary working fluid Within the 
toroidal support 10. 

Said passage device comprises ducts formed in the 
toroidal support, through which said primary working 
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fluid reaches a .plurality of through holes opening onto 
the outer surface of the toroidal support, conveniently 
distributed and sized on the circumferential extension 

' *- there of-*a-S' mentioned above. — • 

5 Preferably, a duct 111 adapted to discharge 

possible condensate is provided at. the lower part of 
the moulding cavity 104. 

In accordance with said further tyre manufacturing 
process, the green tyre 50 is manufactured on the 
10 toroidal support 10 and successively inserted into the 
airtight vulcanisation mould 102 arranged in an open 
condition. 

Operation of apparatus 101, once said toroidal 
support 10 carrying the green tyre 50 has been placed 
15 into the mould 10,2, involves closure of the apparatus 
itself and starting of the moulding and curing 
operations . 

More specifically, by duct 108 the secondary fluid 
is introduced into the gap defined between the outer 

20 surface of the green tyre 50 and the inner surface of 
the mould 102. Substantially simultaneously, by duct 
11*0 the primary working fluid under pressure is* 
introduced into the toroidal support 10 to a lower 
pressure than 'that of the secondary working fluicl. The 

25 transient has a duration included between 30 seconds 
and 1 minute; in a steady-state condition and for a 
duration of 30 seconds to 6 minutes, the pressur-e 
differential is lower than 10 bar, preferably of about 
1-2 bar. Since the primary working fluid is of lower 

30 pressure, it will remain within the toroidal support 10 
without escaping through the previously illustrated 
ducts. In this way during this step the green tyre 50 
is pressed from the outside to the inside so that its 
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inner surface is pressed against the outer surface of 
the toroidal support 10. . 

Preferably the secondary working fluid is at room 

temperature and at a pressure generally included 

5 between 8 and 18 bar, while the primary working fluid 
is at a pressure lower than 16 bar and at a temperatur-e 
generally included between approximately 170 °C and 
210°C. 

For example, the transient can last about one 

10 minute, the pressure of the secondary working fluid in 
a steady-state condition is about 16 bar and the 
pressure of the primary working fluid is about 14 bar, 
the differential pressure therefore being about 2 bar. 

In a steady-state condition this step lasts some 

15 minutes (for example about two minutes) . During this 
period of time the primary working fluid heats the 
toroidal support 10 which transmits heat to the inner 
surface of the tyre, and consequently to the liner and 
the bead regions. This heating does not fully -cure said 

20 parts of the tyre but at all events it is sufficient to 
give the parts themselves features of elasticity. In 
particular, the carcass ply or plies are well anchored 
to the beads and the inner tyr^ surface, preferably the 
liner, becomes ^elastic enough to withstand without 

25 tearing the pressure of the moulding and curing .steps. 

The step of pressing the inner surface of the 
green tyre 50 against the outer surface of the toroidal 
support 10 may take place indifferently before, after, 
or simultaneously with heating of the toroidal support. 

30 Termination of this step involves evacuation of 

the secondary working fluid through the discharge duot 
109, preferably in a period of time shorter than 2 
minutes (for example 1 minute) - 
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If mould 102 is airtight, a subsequent st^p 
immediately starts for moulding and fully curing said 
tyre. Said step begins through raising of said primary 
working f 1-uid-press-ure to a- value included ijetween 18 

* 

5 and 35 bar, preferably 26-28 bar, for the purpose of 
moulding and curing the tyre with the desired 
tensioning of the carcass ply- 
Pressure generated by the primary working fluid 
reaches the diffusion gap obtained between the outer 

10 surface of the toroidal support 10 and the inner 
surface of the tyre to be cured. 

According to said further tyre manuf a<zturing 
process disclosed above, although in the absence of an 
inflatable bladder, the precured liner has good 

15 elasticity features and the primary working fluid 
pressure can be transmitted to the whole tyre in a 
substantially uniform manner. Therefore, thanks to a 
uniform moulding, a vulcanised tyre substantially 
meeting the nominal design features can be obtained. 

20 It is to be noted that during the .pressing step 

from the outside to the inside of the inner tyre 
surface against the outer surface of the toroidal 
support 10, heating of the inner tyre surface can be 
carried out by use of the primary working fluid, or by 

25 generation of heat in the toroidal support itself by^ 
means of electric resistoars, for example. In this case, 
pressure of the secondary working fluid can also be of 
few bar (even 2 or 3) , provided the differential 
pressure is within the above stated range. 

30 For further description of the invention, some 

illustrative examples are given below. 

ilr * ^fc- * tUt 

EXAMPLES 1 to 3 
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The Applicant- has carried out a ■ finit-e element 
analysis (F.E.A.) on three toroidal supports having 
different ^geometries of the sectors thereof. 

- - In more details, -the Applicant has -carried ■ out a - 

5 niomerical simulation of the thermal behaviour of the 
three different toroidal supports in order to evaluate 
which geometry is suitable for increasing the heat 
exchange between the toroidal support and the inner 
surface of the green tyre. 

10 In particular, the objective of the Applicant's 

simulations was that of comparing the different sector 
geometries in terms of time which is necessary to the 
toroidal support for reaching a thermal steady- 
condition - 

15 The simulations were carried out by employing 

« 

three toroidal supports suitable for a tyre having size 
of 235/65 R17, said toroidal supports being made from 
aluminum (having a thermal conductivity of about 200 
W/ (m*K) ) . , 

20 The isimulations were carried out at the following 

conditions : 

1) steam temperature inside of the hollow 

cavity of the toroidal support of about 180 

25 2) environmental temperature surrounding the 

toroidal support of about 50 **C. 
The three toroidal supports whi-ch have been tested 
where the following: 

a) a toroidal support having a geometry 
30 similar to that of the toroidal support 

shown in Fig. 1, but without the protruding 
elements (comparative example: Example 1); 

b) the toroidal support shown in Fig. 1 
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(embodiment 1 of the invention: Example 2) ; 
c) the toroidal support shown in Fig. 2 

(embodiment 2 of the invention: Example 3) . 
-According to the • embodiments 1 and- 2 of Examples -2 
5 and 3 respectively, the protruding elements were in the 
form of elongated ribs as shown in the Fi-gs. 1 and 2. 

Figs . 5 and 6 show how the temperature of the 
outer surface of the toroidal support varies a-s a 
function of time on the' equatorial plane of the 
10 toroidal support (Fig. 5) and on the toroi-dal support 
area corresponding to the tyre buttress area (Fig. 6) 
respectively. 

In Figs. 5 and 6 the curves "a" to "c" correspond 
respectively to the geometries of the Examples 1 to 3 

15 disclosed above. 

From Figs. 5 and .6 it can be derived that, by 
providing the toroidal support with a plurality of 
protruding elements in accordance with the present 
invention, the toroidal support reaches a thermal 

20 steady-condition (in the Figs. 5 and 6 a plateau 
corresponding to a temperature of about 180 °C is 
shown) much more quickly than a standar<i toroidal 
support not provided with sai<l protruding elements. 

Furthermore, it can be noted that the best results 

25 in terms of improvement in the heat exchange between 
the toroidal support and the inner surface of the green 
tyre are achieved especially in correspondence of the 
tyre buttress area. . 



